Abstract AIM: The purpose of this study was to investigate the prevalence of congenitally missing permanent teeth in Japanese children residing in south-west area of Kanto district in recent years. METHODS: Panoramic radiographs taken for dental treatment between 1990 and 2007 were used to evaluate the congenitally missing permanent teeth excluding the third molar. The participants of this study consisted of 2,125 children aged between 7 and 20 years. RESULTS: The congenitally missing teeth were observed in 251 participants (11.8%). The majority of the participants (114) presented with only one tooth missing, and there was a general tendency that the number of participants gradually decreased as the number of missing teeth increased. A total of 539 teeth were congenitally missing, and mandibular second premolar was the most frequently missing tooth (153 teeth), followed by mandibular lateral incisor (86 teeth), maxillary second premolar (71 teeth), maxillary lateral incisor (61 teeth). Only one missing tooth (114 participants) was found most frequently in mandibular lateral incisor (30 participants), followed by mandibular second premolar (28 participants). There was a tendency that congenitally missing teeth occurred symmetrically; especially most of the participants who had two missing teeth (80 in 88 participants) were symmetrically missing. CONCLUSION: The prevalence of congenitally missing permanent teeth in this study was 11.8% and it was comparable to those reported in previous studies of Japanese population evaluated using panoramic radiographs.
Introduction
been reported that oligodontia affects craniofacial development 2) . Therefore, it is very important to understand the clinical status of congenitally missing teeth for the pediatric dentists.
Large differences in the prevalence of congenitally missing teeth have been reported worldwide, varying from 2.7% in Mexico 3) to 14.7% in Hungary 4) . The wide range of hypodontia prevalence can be attributed to differences in the methods of sampling and examination, age distribution and racial origin 5) . Moreover, most studies have found that the most frequently encountered congenitally missing teeth excluding the third molar were the mandibular second premolars followed by the maxillary second premolars or maxillary lateral incisors [6] [7] [8] [9] [10] [11] [12] [13] . However, there are some exceptions to this such as the mandibular incisors 14) and the mandibular lateral incisors 15) , which were the most frequent congenitally missing teeth in their respective studies.
The prevalence of congenitally missing permanent teeth in Japanese children has been reported in previous literatures [6] [7] [8] [9] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and it has been shown that there are the local area differences about the prevalence and distribution of congenitally missing teeth.
The purpose of this study was to investigate the prevalence of congenitally missing permanent teeth in Japanese children residing in south-west area of Kanto district in recent years.
Materials and Methods
The participants for this study were selected in the Department of Pediatric Dentistry, Tsurumi University School of Dental Medicine, and four allied dental clinics located in Kanagawa prefecture and Tokyo metropolitan area. The children with systemic or genetic abnormalities such as ectodermal dysplasia which can induce congenitally missing teeth were excluded from this study, and history of previous extractions or trauma to teeth was confirmed using the anamnestic data. The study participant consisted of 2,125 (1,136 females and 989 males) healthy Japanese children whose ages ranged from 7 to 20 years, between 1990 and 2007. As tooth crown of second molar completes at the age of 7 years, it was presumed that congenitally missing permanent teeth excluding the third molar can be diagnosed accurately in 7 year-old children. Therefore, the lowest age of the participants was taken as 7 years. Panoramic radiographs taken for dental treatment were used to evaluate the congenitally missing permanent teeth excluding the third molar. In cases where panoramic radiographs had been taken many times, the most recent panoramic radiograph was used to evaluate missing teeth.
The evaluation of congenitally missing teeth was performed by two board certified specialists pediatric dentists. If difficulty was encountered in diagnosing the type of congenitally missing tooth, the two consultants discussed and diagnosed the type of tooth.
The chi-square test was performed to determine the significance of difference in prevalence between the two genders, between left and right side in a dental arch, and between maxilla and mandible. The level of significance was set at 5%.
Results
Congenitally missing permanent teeth were found in 139 females (12.2%) and 112 males (11.3%). A total of 251 participants (11.8%) were found to have congenitally missing permanent teeth ( Table 1) . The difference between the genders was not statistically significant. The number of missing teeth per child ranged from one to fifteen, and the average number of missing teeth was 2.15. The participants who had one missing tooth were the most frequent (114 participants), followed by two missing teeth (88 participants), therefore the participants who had one or two missing teeth occupied 80.5% of the total Difference between the genders was not statistically significant. study participant. Only 10 participants were found to have more than six missing teeth. There was a general tendency that the number of participants who had many missing teeth was reduced ( Table 2) . A total of 539 teeth were congenitally missing, and the mandibular second premolar was the most frequently found missing tooth (153 teeth), followed by mandibular lateral incisor (86 teeth), maxillary second premolar (71 teeth), maxillary lateral incisor (61 teeth). Congenitally missing maxillary central incisors and mandibular first molars were found to be rare (Table 3) . Prevalence of missing teeth in mandible (329 teeth) was significantly higher than that of maxilla (210 teeth) (P<0.01). Differences between left and right sides for both jaws were found to be insignificant; in maxilla (101 teeth on The number of missing teeth per child ranged from one to fifteen, and the average number of missing teeth was 2.15. Prevalence in mandible was significantly higher than maxilla (P<0.01). Difference between right side and left side was not statistically significant. the right side and 109 teeth on the left side), whereas in mandible (164 teeth on the right side and 165 teeth on the left side). The prevalence of 114 participants with one missing tooth is shown in Table 4 . Mandibular lateral incisor was the most frequently missing tooth (30 teeth), followed by mandibular second premolar (28 teeth), maxillary lateral incisor (21 teeth), mandibular central incisor (15 teeth).
Symmetrically missing teeth were found in high percentage of participants who had multiple missing teeth. Out of 425 teeth found in participants who had multiple missing teeth, 356 (83.8%) demonstrated a symmetrical distribution of missing teeth. Furthermore, in most of the participants (80 in 88 participants) who presented with two missing teeth, the teeth were symmetrically missing (Table 5 ).
Discussion
In this study, the prevalence of congenitally missing permanent teeth excluding third molar was 12.2% for females, 11.3% for males, and 11.8% for both genders. These prevalence figures are higher than the prevalence range, between 1.35% and 11.1%, reported in previous studies on Japanese population [6] [7] [8] [9] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . The prevalence of congenitally missing permanent teeth in south-west area of Kanto district might be a tendency that is higher than other areas of Japan. On the other hand, the prevalence of the missing teeth was 10.1% according to the investigation of the science committee of Japanese society of pediatric dentistry 16) . In addition, the prevalence of the missing teeth in recent studies evaluated from the panoramic radiographs was in the range between 8.5% and 11.1% [23] [24] [25] [26] in the Japanese population. Therefore, our result of the survey is not an exceptional prevalence. Hence, the prevalence of this study can be considered to be comparable to those of recent studies conducted in similar conditions.
It is reported that the prevalence of congenitally missing permanent teeth was different among races 3) . The prevalence of missing teeth has been reported by studies conducted in many countries: 8.5-11.8% in Japan including this study, 2.7% in Mexico 3) , 14 .7% in Hungary 4) , 8 .0% in New Zewland 10) , 4.5% and 6.5% in Norway 11, 12) , 7.1% in Denmark 13) , 6 .9% in Hong Kong 14) , 11.2% in Koria 15) , 7.3% in USA 27) . Prevalence in Hungary (14.7%) was the highest, followed by in Japan (8.5-11.8%) and in Korea (11.2%). It is suggested that the prevalence of missing teeth is greatly different among races and is a high tendency in the Japanese population.
In this study, the number of missing teeth per child ranged from one to fifteen, and the average number of missing teeth was 2.15. This result is within the range between 1.35-2.8 which were reported by previous literatures 14, 15, 22, 24, 26) . The participants that had one or two missing teeth occupied 80.5% of the whole study participant, and only 10 subjects were found to have more than six missing teeth. This result was a tendency similar to previous literatures, and it was corresponding to the one having been reported by the science committee of Japanese society of pediatric dentistry. Therefore it is considered that the average number of missing teeth per child is about two, and that children who had only one or two missing teeth occupied a greater part of the study participant.
Congenitally missing of mandibular second premolar was the most frequently occurring tooth in this study. This result was agreement with recent studies carried out in Japan [7] [8] [9] [21] [22] [23] [24] [25] [26] . Congenitally missing mandibular lateral incisor was second most frequently found tooth in this study. This result showed the tendency similar to the science committee of Japanese society of pediatric dentistry report, even though this result was not necessarily corresponding to the surveillance study in Japan 16) . Therefore, it is suggested that congenitally missing mandibular lateral incisor is common in Japanese population. In this study, besides mandibular lateral incisors and second premolars, maxillary lateral incisors and second premolars were also found to be commonly missing teeth. This result was in agreement with recent studies conducted in Japan [7] [8] [9] 16, [21] [22] [23] [24] [25] [26] . Therefore, it can be concluded that commonly missing permanent teeth in Japanese population are bimaxillary lateral incisors and second premolars. Mandibular lateral incisor (30 participants) was the most frequently occurring missing tooth where there was only one missing tooth (114 participants), followed by mandibular second premolar (28 participants), maxillary lateral incisor (21 participants), mandibular central incisor (15 participants). This result was similar to those reported in previous literature reported by Goya et al. 26) Therefore, it is suggested that in cases where only one tooth is missing, the most susceptible teeth appears to be mandibular incisors, mandibular second premolar and maxillary lateral incisor.
As revealed in this study, the prevalence of missing teeth was not significantly different between females and males. Although some previous literatures 11, 13, 25) reported that the prevalence in females was higher than that in males, most of previous literatures 4, 8, 9, 12, 14, 15, [21] [22] [23] [24] 26) reported that the difference between the two genders was not significant. It is considered that prevalence of missing teeth in females is generally higher than that in males, but the difference is not significant.
The prevalence of missing teeth in mandible was significantly higher than that of maxilla in this study. Although most of previous literatures 9, 22, [24] [25] [26] reported that the difference in prevalence between maxilla and mandible was not significant, the science committee of Japanese society of pediatric dentistry 16) reported that the prevalence in mandible was higher than that of maxilla. It is considered that prevalence of missing teeth in mandible is generally higher than that of maxilla in Japanese population.
The prevalence of missing teeth was not significantly different between right and left sides in this study. This result was in agreement with those of the science committee of Japanese society of pediatric dentistry 16) and other previous literatures 9, 21, 22, [24] [25] [26] which reported that the prevalence between the two sides was not significantly different. Symmetrically missing teeth were found in high percentage in participants who had multiple missing teeth in this study. This tendency was in agreement with previous literatures 3, 20, 24, 26) . Therefore, it appears that congenital missing teeth generally occurred symmetrically in children with multiple missing teeth.
The condition of missing teeth occurs, apparently due to multi-factorial causes where both genetic and environmental factors seem to play major roles. Genetic mutation in MSX and PAX9 have been reported to be associated with familial missing teeth 28, 29) . Studies using mouse have been conducted to identify the responsible chromosome and to detect the chromosomal region for missing tooth 30, 31) . Many studies with regard to the causes of missing tooth have been carried out and the results indicate that tooth germ is capable of regenerating a new tooth in the place of missing teeth. However, at present, no practical solution has been found in preventing the condition of missing teeth or regenerating tooth germ. Therefore, the pediatric dentists are required to manage the physiological and functional problems arising from missing teeth. The findings of this study are expected to provide useful information to pediatric dentists in the management of cases with missing teeth.
Conclusion
Based on results of this study, the following conclusions can be made: 1. In this study, the prevalence of congenitally missing permanent teeth excluding third molar was 11.8%, and the prevalence in Japanese children was found to be a tendency that is higher than other races. 2. The most frequently occurred missing tooth types were mandibular second premolar, mandibular lateral incisor, maxillary second premolar, and maxillary lateral incisor. In cases, where only one tooth was missing, the most frequently occurred tooth types were mandibular lateral incisor, mandibular second premolar and maxillary lateral incisor. 3. The prevalence of missing teeth was not significantly different between the two genders, and between right and left sides. The prevalence in mandible was significantly higher than that in maxilla. 4. A general tendency was noticed in which, the number of participants gradually decreased as the number of missing teeth increased, and congenitally missing teeth occurred symmetrically.
